NASA Technical Memorandum 108839 DOT/FAA/92/24

Crew Factors in Flight Operations IX:
Effects of Planned Cockpit Rest on
Crew Performance and Alertness in

Long-Haul Operations

Mark R. Rosekind and R. Curtis Graeber, Ames Research Center, Moffett Field, California
David F. Dinges, University of Pennsylvania School of Medicine, Philadelphia, Pennsylvania
Linda J. Connell, Ames Research Center, Moffett Field, California

Michael S. Rountree, San Jose State University, San Jose, California

Cheryl L. Spinweber, University of California, San Diego, San Diego, California

Kelly A. Gillen, University of Pennsylvania School of Medicine, Philadelphia, Pennsylvania

September 1394

NASA %

National Aeronautics and
Space Administration

af DER

Ames Research Center
Moffett Field, California 94035-1000






PREFACE

This study spanned several years and involved the important contributions of many, including
the following individuals, agencies, and institutions.

The FAA co-sponsored this project and was an important collaborator, especially through their
sanction of cockpit rest periods. The FAA has actively supported a thorough scientific examination
of this issue and openly discussed the potential for implementation of the results. We wish to
gratefully acknowledge the many important contributions of Mr. Anthony Broderick, Dr. Clay
Foushee, Mr. Bill White, Dr. Ron LaFaro, and the many other individuals at the FAA who
provided input and assistance.

We thank the National Transportation Safety Board for its support and especially, NTSB
member Dr. John Lauber, whose early participation provided leadership and moral support for this
study through his continued attention to the importance of fatigue, sleep, and circadian factors in
transportation safety.

Ms. Donna Miller (Sterling Software Inc.) provided operational support, data management
skills, and assistance in production of written reports. Mr. Kevin Gregory (Sterling Software,
Inc.) provided data analysis and graphic representation of results. Mr. Thomas Kozon (Sterling
Software, Inc.) assisted in the initial statistical analysis of the physiological sleep/wakefulness
data. Ms. Barbara Sweet (NASA) played a central role in determining the Medilog artifact and its
resolution through equipment modifications and also conducted initial field trials of equipment and
procedures. Mr. Terry Miller (San Jose State University Foundation) and Lt. Col. Thomas
Bennett (U.S. Army) were involved in field data collection. Ms. Ruth Polak (San Jose State
University Foundation) provided assistance in the production of this report. Ms. Elizabeth Co
(San Jose State University Foundation) contributed significantly to the final preparation of this
report. Dr. Key Dismukes (NASA) and Mr. E. James Hartzell (U.S. Army) provided input and
support. Dr. Charles Billings (NASA) and Dr. Phillipa Gander (San Jose State Foundation)
provided a thorough, insightful, and expedient review of this Technical Memorandum and
contributed suggestions at various phases throughout this study as part of their overall participation
in the NASA Ames Fatigue Countermeasures Program. Dr. J. Victor Lebacqz (NASA), Chief,
Flight Human Factors Branch, provided a critical and constructive review of this project and has
provided invaluable support to all aspects of the Fatigue Countermeasures Program.

We wish to acknowledge the important support work of the administrative and research staff of
the Unit for Experimental Psychiatry of The Institute of Pennsylvania Hospital and University of
Pennsylvania School of Medicine. We especially thank Mr. John W. Powell for helping to develop
the software and hardware systems utilized in PVT data reduction, for processing data tapes through
the system, and for maintaining the PVT and wrist actigraph portable recorders used in the study.
We are grateful to Mrs.Emily Carota Orne for coordinating the many administrative and time-line
aspects of the PVT and wrist actigraph data portions of the study. We thank Dr. Nancy Barone
Kribbs for facilitating graphical presentation of results. This portion of the project would not have
been possible without the co-sponsorship of the Institute for Experimental Psychiatry Research
Foundation, under the direction of Dr. Martin T. Orne, to whom we are grateful. This portion of
the research was supported by NASA Cooperative Agreement NCC-2-599.

We wish to acknowledge the important support of the administrative and research staff of the
Stanford Sleep Research Center of the Stanford University School of Medicine. Under the
direction of Dr. William C. Dement, the Stanford Sleep Research Center made critical contributions
of personnel and other resources to the physiological sleep/wakefulness and alertness/sleepiness
components of the study. We thank Ms. Pam Hyde and Ms. Karen Spade for their contributions
related to management of Stanford Sleep Research Center resources. We are grateful to Mr. Doug
Yost for his efforts and expertise in field data collection of the physiological measures. This
portion of the research was supported by NASA Cooperative Agreement NCC-2-641.

Dr. Lyn Davies, Mr. Hugh Goodwin, Ms. Ellie Peltier, Ms. Sandy Clenney, and Mr. Terry
Murphy (Oxford Medical, Inc.) provided assistance in identifying the Medilog artifact and
equipment modifications to successfully conduct ambulatory polysomnographic recordings in the
cockpit. Dr. Mary Carskadon (E. P. Bradley Hospital/Brown University Program in Medicine)
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provided consultation regarding the Medilog artifact troubleshooting and physiological
alertness/sleepiness. Dr. Barbara Stone (Royal Air Force Institute of Aviation Medicine) also
consulted on troubleshooting the Medilog artifact problem. Dr. Don Hudson (Associate
Aeromedical Advisor, Air Line Pilots Association) provided support and assistance during the
initial phases of the study.

Finally, this study would not have been possible without the constructive contributions of the
participant airlines and the pilots who volunteered for the study. The pilots were outstanding in
their enthusiasm for the project and in their willingness to include us in their flight operations.
They made superb efforts to meet all of our research requests while always maintaining a highly
professional flight deck environment. Both Northwest and United Airlines generously provided
support and resources critical to the success of the study. They facilitated our access to the pilots
and the flight deck and constantly provided assistance in field operations. We acknowledge the
contributions of Capt. Bob Cavill, Capt. Stu Henning, Capt. Gene Frank, Mr. Bob Wylie, Capt.
Vic Britt, Ms. Carol Sankey, Mr. Dan Walters, and Capt. Paul Gallaher. We also acknowledge
the contributions of Capt. Hart Langer, Capt. John O’Keefe, Capt. F. Dubinsky, Capt. Gary
Meermans, Capt. Arvid von Nordenflycht, and Dr. Gary Kohn.
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Crew Factors in Flight Operations IX:
Effects of Planned Cockpit Rest on Crew
Performance and Alertness in Long-Haul Operations

Mark R. Rosekind!, R. Curtis Graeber! , David F. Dinges?, Linda J. Connell! ,
Michael S. Rountree3 , Cheryl L. Spinweber?, and Kelly A. Gillen?

SUMMARY

The primary goal of this study was to determine the effectiveness of a planned cockpit rest
period to improve alertness and performance in long-haul flight operations. Twenty-one pilots
participated and were randomly assigned to either a Rest Group or a No-Rest Group condition.
The Rest Group was allowed a planned 40 min. rest period during the low workload, cruise
portion of flight. The No-Rest Group had a 40 min. planned control period identified but
maintained their usual flight activities during this time.

Several measures were used to examine the physiological, behavioral, performance, and
subjective effects of the nap, including continuous ambulatory recordings of brain wave and
eye movement activity, a reaction time/vigilance task, and a wrist activity monitor. Subjective
measures collected in the study included in-flight fatigue and alertness ratings, a daily log for
noting sleep periods, meals, exercise, flight and duty periods, and the NASA Background
Questionnaire.

The results indicated that the Rest Group pilots were able to sleep during the cockpit rest
period, generally falling asleep quickly and sleeping efficiently. This nap was associated with
improved physiological alertness and performance compared to the No-Rest Group. The benefits
of the nap were observed through the critical descent and landing phases of flight. The
convergence of the behavioral performance data and the physiological data to demonstrate the
effectiveness of the cockpit nap lend support to the robustness of the findings. The nap did not
affect layover sleep or the cumulative sleep debt displayed by the majority of crewmembers. The
nap procedures were implemented with minimal disruption to usual flight operations and there
were no reported or identified concerns regarding safety.

The planned nap appeared to provide an effective, acute relief for the sleepiness experienced in
nonaugmented 3-person long-haul flight operations. The strength of the current results supports
the implementation of planned cockpit sleep opportunities in nonaugmented long-haul flight
operations involving 3-person crews. If implemented, we recommend a follow-up study be
conducted to examine how planned cockpit sleep opportunities have been incorporated into airline
procedures. The results of this follow-up study may lend support for further refinement of
procedures and future implementation through Federal regulation.

1.0 OPERATIONAL SUMMARY

This report is the ninth in a series on physiological and psychological effects of flight
operations on flight crews, and on the operational significance of these effects.

I NASA Ames Research Center

2 Institute of Pennsylvania Hospital/University of Pennsylvania School of Medicine
3 San Jose State University Foundation

4 University of California, San Diego



Long-haul flight operations often involve rapid multiple time-zone changes, sleep disturbances,
circadian disruptions, and long, irregular work schedules. These factors can result in fatigue,
cumulative sleep loss, decreased alertness, and decreased performance in long-haul flight crews.
Thus, operational effectiveness and safety may be compromised because of pilot fatigue. One
natural compensatory response to the sleepiness and fatigue experienced in long-haul operations is
unplanned, spontaneous napping and non-sanctioned rest periods. That these activities occur is
supported by anecdotal, observational, and subjective report data from a variety of sources. In
response to this information and to concerns for maintaining flight safety, it was suggested that a
planned cockpit rest period could provide a “safety valve” for the fatigue and sleepiness
experienced in long-haul flying. The cockpit rest period would allow a planned opportunity to
sleep, with the primary goal being to improve subsequent levels of performance and alertness,
especially during critical phases of operation such as descent and landing.

This study was co-sponsored and sanctioned by the FAA and involved the voluntary
participation of two commercial airlines. The primary goal was to determine the effectiveness of a
planned cockpit rest period to improve performance and alertness in nonaugmented, three-person
long-haul flight operations. Twenty-one volunteer pilots participated and were randomly assigned
to either a rest group (N = 12) or a no-rest group (N = 9) condition. The rest group (RG) was
allowed a planned 40 min. rest period during the low-workload, cruise portion of flight over
water. Pilots rested one at a time, on a prearranged rotation, with two crewmembers maintaining
the flight at all times. The no-rest group (NRG) had a 40 min. planned control period identified
during cruise but maintained their usual flight activities during this time. The four consecutive
middle legs of a regularly scheduled transpacific trip, part of a 12-day trip pattern, were studied.
Two legs were westbound day flights and two legs were eastbound night flights, with generally
comparable flight and duty times.

Specific procedural and safety guidelines were successfully implemented in this initial study.
However, not all of these would be necessary for a general implementation of planned cockpit rest
periods in long-haul flight operations: (1) it was crucial that the rest period was planned, with first
choice of rest period going to the landing pilot; (2) the rest periods were scheduled during a low-
workload phase of flight and ended 1 hr. before descent; (3) only one crew member was
scheduled to rest at a time with a clear planned rotation established; (4) the rest opportunity was
divided into an initial preparation period (3 min.), followed by the 40 min. rest period, followed by
a recovery period (20 min.) (these times might be altered to reduce the overall length of the period);
(5) the rest was terminated at a preset time by a researcher, and the resting pilot was fully briefed
before reentering the operational loop; and (6) it was established that the captain would be notified
immediately at the first indication of any potential anomaly. The safe and normal operation of the
aircraft was given the highest priority and, therefore, no cockpit rest procedure or activity was
allowed to interfere with this.

Several measures were used to examine the physiological, behavioral, performance, and
subjective effects of the planned cockpit nap. Continuous ambulatory recordings of brain wave
and eye movement activity were conducted to determine physiologically how much sleep was
obtained during the rest period, as well as the time taken to fall asleep and the stages of sleep.
(These recordings allowed differentiation of non-rapid-eye-movement [NREM] sleep and its stages
and rapid-eye-movement [REM] sleep). A reaction-time/sustained-attention task (psychomotor
vigilance task) was used to assess performance capability. A wrist activity monitor was worn
continuously before, during, and after the trip schedule. This activity monitor provided
information regarding the pilots’ 24 hr. rest/activity pattern and was used to examine layover sleep
episodes. Subjective measures collected in the study included in-flight fatigue and alertness
ratings, a daily log for noting sleep periods, meals, exercise, flight and duty periods, etc., and the
NASA Background Questionnaire.

The physiological data showed that on 93% of the rest period opportunities the RG pilots were
able to sleep. Generally, they fell asleep quickly (average = 5.6 min.) and slept for an average of
26 min. There were six factors related to sleep quantity and quality that were analyzed: total sleep
time, sleep efficiency, sleep latency, percent NREM stage 1 sleep, percent NREM stage 2 sleep,
and percent NREM slow-wave sleep. Each of these factors was examined for effects related to trip
leg, halves of the trip, day versus night, and flight position (captain, first officer, second officer).
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There were two significant effects that emerged from these analyses. The day flights had
significantly more light sleep than night flights, and the night flights had significantly more deep
sleep than day flights. An interesting finding emerged from analysis of the physiological data
collected during the NRG 40 min. control period. Although instructed to continue usual flight
activities, four NRG pilots fell asleep (a total of five episodes) for periods lasting from several
minutes to over 10 min.

There were generally consistent findings for the variety of analytical approaches used to
examine the performance data. The median sustained attention/reaction time (a performance
measure) for the NRG showed a greater range of average responses across flight legs and during
in-flight trials than seen in the RG. After leg 1, the pilots in the NRG showed a steady increase in
median reaction time across flight legs, with significant differences by the middle and end of
flights. The RG pilots maintained a generally consistent level of performance both across and
within flight legs, and did not show significant increases in reaction time. There were a total of
283 lapses (i.e., a response delay > 0.5 sec.) for all 21 pilots (both groups combined). For in-
flight trials, the NRG (with fewer subjects) had a total of 124 lapses, whereas the RG had a total
of 81. There was an increase in lapses during in-flight trials 2 and 3 (after the test period) for the
NRG, though this increase did not occur during in-flight trials following the nap in the RG. Both
groups had more lapses before top of descent (TOD) on night-flight leg 4 than on night leg 2.
However, the number of lapses in the NRG pilots increased twice as much as in the RG pilots.
Vigilance decrement functions also revealed that on night flights the NRG pilots had a level of
performance that was significantly decreased relative to the RG pilots. Generally, the
performance task demonstrated decrements across flight legs and within flights for the NRG,
whereas the RG maintained consistent levels of performance. These findings suggest that the
planned nap prevented deterioration of vigilance performance.

Changes in brain wave and eye movement activity can reflect the subtle ways that physiological
alertness/sleepiness changes. An intensive critical phase analysis was conducted to examine the
effects of the cockpit nap on subsequent physiological alertness. The period from 1 hr. before
TOD through descent and landing was analyzed for the occurrence of brain and eye movement
microevents indicative of reduced physiological alertness. During approximately the last 90 min.
of flight, each event greater than 5-sec. duration was scored for both the NRG and RG. There was
at least one such microevent identified in 78% of the NRG and 50% of the RG. Overall, there
were a total of 120 microevents that occurred in the NRG (with fewer subjects) and a total of 34
microevents in the RG. The NRG averaged significantly more total microevents (6.37) than the
average in the RG (2.90). This supports the conclusion that the sleep obtained during the rest
period was followed by increased physiological alertness in the RG relative to the NRG.

The 24 hr. rest/activity patterns, in combination with the subjective logs, demonstrated that
86% of the 21 subjects accumulated a sleep debt that ranged from 4 to 22 hr. and averaged
approximately 9 hr. by the ninth day of the duty cycle. When the entire 36 hr. duty period (layover
and subsequent duty cycle) is considered, the percent of layover sleep time is 28%. This is less
than the average 33% sleep time spent off-duty at home, hence the cumulative sleep debt. One
subject gained sleep, and two others had no change. Further analysis demonstrated that the cockpit
nap did not significantly alter the cumulative sleep debt observed in the RG. Also, 77% of the
layovers involved more than one sleep episode. Generally, there were two sleep episodes, and if
the first one was long, then the second one was short or did not occur. Conversely, if the first
sleep episode was short, then there was almost always a second one that was long. This result
demonstrated that there were multiple factors operating to control sleep timing and quantity
(e.g., local time, home circadian time, prior sleep loss). This study was not designed to examine
the issue of layover sleep periods, though recently the timing of layover sleep periods, including
naps, in long-haul flight operations has been addressed.

Overall, the analysis of the subjective alertness ratings demonstrated that pilots reported
lower alertness on night flights than on day flights and after the rest/control period than before it
(except on leg 1). The results indicated that the nap did not affect the subjective ratings of
alertness, though the objective measures clearly indicated better performance and greater alertness
in the RG. The level of physiological sleepiness experienced in long-haul flight operations was
demonstrated in both subject groups. The speed of falling asleep has been used as a measure of



physiological sleepiness (i.e., the more sleepy an individual, the faster he or she will fall asleep).
The speed of falling asleep in the RG (5.6 min.) is comparable to that seen in moderately sleep
deprived individuals. A diagnostic guide for excessive sleepiness in sleep disorder patients is a
sleep latency of 5 min. or less. Also, there were five episodes of sleep that occurred during the
control period in four NRG pilots who had been instructed to continue usual flight operations.
This result reinforces previous findings that pilots are poor evaluators of their level of
physiological sleepiness.

Overall, the study results provide support for differentiating fatigue countermeasures into two
basic approaches. Conceptually and operationally, methods to minimize or mitigate the effects of
sleep loss, circadian disruption, and fatigue in flight operations, can be divided into (1) preventive
strategies and (2) operational countermeasures. Preventive strategies involve those approaches that
result in more long-term adjustments and effects on underlying physiological sleep and circadian
processes (e.g., possibilities for further research include shifting the circadian phase before
multiple time-zone changes, using bright lights or exercise to rapidly readjust the circadian clock,
and maximizing the quantity and quality of sleep). These preventive strategies affect underlying
physiological sleep need, sleepiness, and circadian phase in a long-term and chronic fashion.
Operational countermeasures are focused strategies for reducing sleepiness and improving
performance and alertness during actual operations (e.g., proved strategies include judicious use of
caffeine, increased physical activity, and increased interaction). These short-acting counter-
measures are not intended to reduce underlying physiological sleepiness or a sleep debt, but rather
to increase performance and alertness during operational tasks. One acute, short-acting operational
countermeasure that can temporarily reduce physiological sleepiness is napping. The planned
cockpit nap in this study is considered to be an operational countermeasure that provided an acute,
short-acting improvement in performance and alertness.

It must be acknowledged that every scientific study has specific limitations that restrict the
generalizability of the results. This study involved only one trip pattern on a commercial airline
carrier. The study was conducted on transpacific flights to utilize the opportunity of scheduling the
planned rest periods during the low-workload portion of cruise over water. The intense
physiological and performance data collection occurred during a specific and restricted middle
segment (four consecutive flight legs) of the trip schedule. Therefore, the initial home-to-flight-
schedule transition is quantified only with logbook and activity data. Also, the highest levels of
accumulated fatigue, which probably occurred during the final trip legs, were not studied except
for logbook and activity data. This study involved B-747 aircraft flown by three-person crews; the
specific application of this countermeasure to the two-person cockpit was not addressed.

There were two NASA researchers on the flight deck during the in-flight data collection
periods. Although they were instructed to minimize their interactions and presence, there is no
question that having two extra individuals on the flight deck may have potentially altered the
regular flow of cockpit conversation and interaction. It is important to remain cognizant of these
limitations when attempts are made to generalize the study results to questions that extend beyond
the scope of the specific scientific issues addressed here.

In conclusion, the RG pilots were able to sleep during the planned cockpit rest period,
generally falling asleep quickly and sleeping efficiently. This nap was associated with improved
performance and physiological alertness in the RG compared to the NRG. The benefits of the nap
were observed through the critical descent and landing phases of flight. The convergence of the
behavioral performance data and the physiological data to demonstrate the effectiveness of the
cockpit nap lend support to the robustness of the findings. The nap did not affect layover sleep or
the overall cumulative sleep debt displayed by the most of the crewmembers. The nap procedures
were implemented with minimal disruption to usual flight operations, and there were no reported or
identified concerns regarding safety.

The planned nap appeared to provide an effective, acute relief for the fatigue and sleepiness
experienced in nonaugmented three-person long-haul flight operations. The strength of the current
results supports the implementation of planned cockpit sleep opportunities in nonaugmented long-
haul flight operations involving three-person crews. If planned cockpit sleep opportunities were
sanctioned, each airline could determine the appropriate incorporation of procedures into its
specific mode of operation. If implemented, we recommend that a joint NASA/FAA follow-up
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study be conducted within 6-12 months to examine how planned cockpit sleep opportunities have
been incorporated into airline procedures. That study would examine how the procedures were
implemented and their effectiveness. This might take the form of a survey or include some field
data collection. The results of that follow-up study might then lend support for further refinement
of procedures and future implementation in other flight environments.

2.0 INTRODUCTION
2.1 Background

The rapid multiple time-zone changes, sleep disturbances, circadian disruptions, and long,
irregular work schedules associated with long-haul flight operations can result in pilot fatigue.
Safety and operational effectiveness during long-haul flights may be compromised because of
reduced pilot performance and alertness. Pilot fatigue in long-haul flight operations is a major
safety concern.

Several sources lend support to this concern. Long-haul wide-body flight operations have
almost a three-times higher loss ratio than combined short- and medium-range flights (ref. 1).
Also, cockpit crew error, where pilot fatigue may be a contributory factor, has been related to 75%
of aircraft losses since 1959 (ref. 1). NASA’s Aviation Safety Reporting System (ASRS)
receives reports every month from long-haul crews describing the role of fatigue, sleep loss, and
sleepiness in significant operational errors. Reported errors have included altitude deviations,
improper fuel calculations, track deviations, landings without clearance, and landings on incorrect
runways. These reports are not surprising, for many pilots describe anecdotally the overwhelming
fatigue and sleepiness associated with all-night flying over the ocean. The flight deck
environment, with constant background noise, dim lighting, and various levels of automation, can
contribute to the difficulty of remaining vigilant and awake under these circumstances. As trips
progress and as the number of flight legs increases, so too can the cumulative effects of sleep loss
and fatigue.

Extensive research has shown that there are at least three interrelated biological sources of the
fatigue, sleep loss, and sleepiness experienced in long-haul flight operations (e.g., refs. 2-4):

(1) circadian disruption, (2) cumulative sleep loss, and (3) sleepiness rhythm. Each of these
factors will be reviewed briefly to provide greater understanding and background for the causes of
fatigue and sleepiness in long-haul flying.

Human circadian (i.e., about 24 hr.) rhythms are internally controlled by a biological clock in
the brain. There are many examples of biological functions that fluctuate over a 24 hr. period,
such as sleep and wakefulness, body temperature, and activity. Transmeridian flights rapidly
transport this internal human circadian clock to new external time zones. The internal biological
clock, however, is unable to adapt quickly and instead adjusts to the new external time zone at a
slow rate. The result is a desynchrony between biological rhythms and external synchronizers
(e.g., light, meals) and a disorganization of internal physiological and psychological rhythms as
the circadian clock slowly adjusts to the new environmental time. Most pilots are familiar with
these factors as primary causes of their experience of fatigue and other symptoms of jet lag. It has
been shown that the severity of circadian adjustment effects is related to the number of time zones
crossed. The more time zones crossed, the greater the adjustment required by the circadian clock.
It is also known that there are wide individual differences in ability to adjust to new time zones.
Some individuals can experience severe effects following a time-zone change of only 1 or 2 hr.

One basic biological property of the human circadian clock accounts for the generally familiar
experience of easier and faster adjustment when flying west than when flying east. If allowed to
run at its natural rhythm, the average internal biological clock would actually have a cycle slightly
longer than our 24 hr. day, about 25 hr. This means that there is a natural, inherent tendency to
lengthen our day. Therefore, when traveling a westward, the circadian day is lengthened (or
delayed) and promotes adjustment to the new time zone. Conversely, when flying eastward the



circadian day is shortened (or advanced), contrary to the natural tendencies of the internal clock.
Therefore, generally, adjustment will be slower and more difficult.

A second primary consequence of circadian disruptions by rapid time-zone changes is that the
sleep/wakefulness rhythm is out of phase, or desynchronized, with the new environmental time.
For example, pilots may attempt to sleep at the new environmental night time, when their internal
circadian clock says it is high noon and they should be wide awake. The result is usually sleep
loss caused by a short-duration sleep, often precipitated by a premature spontaneous awakening.
Over time, this shortened sleep duration results in a cumulative sleep loss and sleep debt. For
example, if an individual gets 1 hr. less sleep per night than is usually needed, by the end of 1
week he or she will have accumulated the equivalent hourly loss of a full night’s sleep. The
severity of the sleep disturbance will affect the total cumulative sleep debt. However, the loss of
even 1 hr. of sleep will contribute to increased waking sleepiness, with the potential effect being
even greater when combined with prior cumulative sleep loss (ref. 5). The potential results of
sleep loss are performance lapses, slowed mental processing and decision-making, reduced
memory function, and more negative mood (ref. 6).

Scientific research has shown that separate from nocturnal sleep, the biological clock also
regulates the daily level of sleepiness and alertness, that is, sleepiness rhythm. In a 24 hr. period,
there are two distinct periods of maximal sleepiness for a normal, healthy, nonsleep-deprived
person: during the early morning hours (about 4-5 A.M.) and during the mid-to-late afternoon
hours (about 3-5 P.M.) (ref. 7). Typically, individuals would attempt to be asleep during the
4-5 AM. period of sleepiness, when there are minimal environmental distractions and a decreased
body temperature. Also, most people have experienced the increased sleepiness that occurs during
the mid-to-late afternoon, which is when most naps are taken (ref. 8). During the afternoon most
individuals are active, and in an environment with stimulation, and the body temperature is high,
allowing them to continue their activities without being overcome by sleepiness. These internally
controlled periods of maximal sleep tendency greatly enhance the likelihood that sleepiness, and
perhaps sleep, will intrude into wakefulness. Although a variety of strategies are used to combat
this period of biological sleepiness, it is clearly a window of increased vulnerability to reduced
performance and alertness. It is also known that sleep loss exacerbates this situation by increasing
the level of sleepiness at all times of the day. This information is important in identifying periods
of maximal physiological sleepiness that occur every 12 hr. If a night flight over the ocean
coincides with a window of maximal sleepiness, then there is an increased vulnerability to
involuntary sleepiness.

These three factors interact and provide the physiological basis for the fatigue, sleep loss, and
decreases in alertness, performance, mood, and mental function associated with long-haul flight
operations. One compensatory response to this fatigue, sleep loss, and sleepiness is the
occurrence of involuntary sleeping in the cockpit, with increased frequency of occurrence during
night flying (refs. 9, 10). Evidence, beyond the purely anecdotal, suggests that this is occurring in
long-haul flight operations. One operational study reported observational data from three-person
commercial airline crews flying international routes (ref. 10). The flight deck observers on these
flights noted any episode when crewmembers apparently napped while in their cockpit seat. In
conjunction with the daily log and observer notes, the results indicated that crewmembers napped,
depending on the specific trip schedule, on from 5% - 20% of the flights available for cockpit
napping. Generally, these naps were reportedly unplanned, though at times a crewmember would
inform the others of a need for a brief rest period.

It was suggested that these percentages are most likely underestimates of the actual incidence of
napping, planned or otherwise, in long-haul flight operations. Recently, Gander et al. reported
data based on crew’s subjective logs that indicated the timing and duration of their naps (ref. 3).
The log data indicated that on average, 11% of crewmembers reported taking naps on the flight
deck when an opportunity was available during a flight. These naps ranged from 10-130 min. in
length and averaged 46 min. It is unclear from these data which naps were planned and which
involved uncontrolled, involuntary napping.

Current civil aviation regulations do not sanction sleep in the cockpit, though it is unclear how
often this strategy is actively used to overcome sleepiness and fatigue during long-haul
tro 1smeridian flights (ref. 11). The U.S. Air Force and some foreign carriers currently use cockpit
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rest periods to combat fatigue. The potential for devastating consequences as a result of increased
sleepiness and fatigue and the associated decrease in vigilance and performance are compelling
reasons to address these complex issues through operationally relevant empirical research.

2.2 Cockpit Rest Periods: Relevant Laboratory Research

Based on scientific and operational considerations, Graeber, et al. have suggested that planned
and controlled napping on the flight deck may be one way of overcoming the sleepiness and
decreased performance that can be associated with nonaugmented long-haul flying (ref. 12).
Empirical research data in both laboratory and field experiments support this notion. A brief,
planned nap can minimize the adverse behavioral, physiological, and psychological effects of sleep
loss and circadian desynchronization (refs. 13-16). Generally, most healthy young adults can nap
on demand, even in a lighted room with sounds, if sitting in a comfortable chair (refs. 17, 18).

Naps can have a beneficial effect on self-reported alertness in nonsleep-deprived individuals
and on sustained performance in sleep-deprived individuals (for a review see refs. 8, 19).
Research indicates that taking a nap before a significant sleep-debt accumulation is more important
to its effectiveness than the circadian position (refs. 13, 14). Thus “prophylactic napping” can
prevent some of the effects of sleepiness (ref. 13). The scientific literature, therefore, supports the
proposition that planned and controlled napping on the flight deck may be an effective
countermeasure to the fatigue and sleepiness experienced in long-haul flight operations.

The length of the planned cockpit rest periods is considered to be a critical factor. Laboratory
research has suggested that a brief nap, less than 1 hr. long, would be sufficient to improve
subsequent alertness and performance (ref. 8). A longer nap increases the possibility that deep
sleep will occur and, therefore, might increase the potential effects of sleep inertia (i.e., the
sleepiness that can be experienced when one 1s awakened from deep sleep). For a more complete
discussion of these issues and the relevant laboratory research, see reference 20.

2.3 Purpose

The primary goal of this research was to examine the effects of a planned cockpit rest period
on pilot performance and alertness in long-haul nonaugmented flight operations. It was
hypothesized that a short, planned opportunity to sleep during a low-workload portion of flight
(i.e., cruise) would act as a “safety valve” for fatigue and sleepiness. Performance and alertness
following the nap should be improved, especially during critical phases of operation, such as
descent and landing.

2.4 Scientific and Operational Issues
This research was designed to examine a variety of basic issues. The following are some of
the specific questions that were addressed:

1. Given the opportunity, will pilots be able to sleep in their cockpit seats? What will be the
quantity and quality of the sleep obtained in the cockpit environment?

2. Will a nap improve subsequent performance, such as sustained attention or vigilance, or
prevent it from worsening? Will performance be maintained or improved during critical
phases of operation, such as descent and landing?

3. Will a nap improve subsequent alertness, as indicated by physiological measures of
alertness/sleepiness, or prevent it from worsening? Will alertness be maintained or
improved during critical phases of operation, such as descent and landing?

4. If a planned nap improves performance and alertness, how long do the positive effects last?

5. Could planned rest opportunities, and sleep, compromise flight safety?



6. What operational guidelines should be considered for implementation of planned cockpit rest
in long-haul operations?

7. Would planned cockpit rest be an improvement over the current situation of uncontrolled
spontaneous napping in nonaugmented long-haul flying?

3.0 METHODS
3.1 Study Design Overview

This study involved regularly scheduled transpacific flights with nonaugmented B-747
three-person crews. Volunteer pilots were randomly assigned to one of two study groups. The
rest group (RG) was allowed a 40 min. opportunity to sleep during the overwater cruise portion of
flight. On a rotating basis, individual crewmembers were allowed to nap in their cockpit seat. The
no-rest group (NRG) was not offered a nap opportunity, and instead performed their usual
operational activities throughout the flight.

Before the study began, briefings regarding the operational and scientific goals of the project
were held with the Federal Aviation Administration (FAA), the National Transportation Safety
Board (NTSB), airline management, and pilot union officials. The FAA co-sponsored the project
and provided crucial support through its sanction for cockpit rest. It was vital that all concerned
parties be informed and support the project. The two airlines approached agreed to participate in
the study. Each airline’s participation was dependent on the availability of specific transpacific trip
schedules and volunteer pilots.

3.2 Subjects

All subjects were line pilots who volunteered to participate in the study. The data in this report
were based on pilots flying the regularly scheduled transpacific trip outlined in the next subsection.
After this specific schedule had been selected, the trip was marked in subsequent bid packages to
indicate that pilots bidding this trip would be contacted by NASA researchers for volunteer
participation in a fatigue study. Once pilots were assigned to the trip, a NASA principal
investigator contacted them regarding the project. Initial contact was by letter and telephone with a
description of the ongoing NASA program to study crew fatigue and jet lag and an outline of the
proposed study. The specific requirements of participation were described in detail and questions
or concerns were addressed thoroughly. It was clearly indicated that involvement would be
completely confidential, that the FAA and their airline had sanctioned the cockpit rest, and that their
participation was completely voluntary at all times, including once they had begun the protocol.
Therefore, volunteers were informed that they could withdraw at any point in the study. No
financial or other remuneration was offered or provided for participation. If pilots volunteered,
then information packets (written and video materials), questionnaires (e.g., logbooks), and some
equipment (e.g., actigraphs) were given to them.

It has been the general policy of this NASA Fatigue Countermeasures Program to provide
complete confidentiality and anonymity for all pilots participating in studies. This effect required
additional sanctions and guarantees by the FAA and participating airlines for pilots in the rest group
to be allowed a cockpit rest period. Participating volunteers were assigned an identification code
that was used for all data collected. Only identification numbers were associated with any
identifiable component of the project.

3.3 Trip Characteristics

The specific trip pattern studied was chosen to meet certain scientific and operational
conditions. These conditions included multiple transpacific crossings, some equal groupings of
day and night flights, comparable flight lengths, regularly scheduled, nonaugmented crews, low



workload (cruise) portions of fli